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SUMMARY '_ T_ =_m_:_-YEAR RESEARCH WORK

_. Duration o _ the research of the present report: -/1,'97-2/28/94

i. Summary of the proposal:

] - I The Scope of the Investigation

The direct observation of very high energy cosmic rays at

energies above i00 TeV is crucial in understanding the nature of

elemental composition and its origin at the main transition

energy region of cosmic particles where the all-particle spectrum

is known to bend ("knee") drastically. There are significant

technical limitations in realizing direct observations above I00

TeV. Conventional methods to measure particle energies do not

work above I00 TeV. For example, Cerenkov radiation methods can-

not be applied to the particles above several hundred GeV/n, and

transition radiation signals saturate above I0 TeV/n, while total

absorption calorimeter requires hundreds of tons of absorber

.materials that cannot be carried to space. The emulsion chamber

method has been the only viable method so far. However, it also

requires to increase the payload weight to extend the measure-
ments beyond 1,000 TeV.

The present research program focus the efforts in developing

new techniques in measuring high energy cosmic ray nuclei with

nuclear emulsions. First of all, we utilize the highest energy

accelerator heavy-ion beams at CERN, and calibrate the energy
measuring methods of the emulsion calorimeter that has been used

in _±_oon-borne _mulsion chamber experiments by the Japanese-
Americ]n-Cooperative-Emulsion-Experiments {JACEE). This method

utilizes the inelasticity distribution of hadronic collisions,

and allow measurements of the energy release into neutral plons,
which ailDws the primary energy spectrum measurement_ _-. ,_no.

We :reprove the calorimetry further by measuring the _nergles of
:=barged particles in magnet field, tn addition to those of

photons (neutral pions). A new detector, the Magnetic-

interactive-Emulsion-Chamber [MAGIC], has been introduced for

this purpose as well as for the detailed study of nucleus-nucleus

interactions. This MAGIC detector also permits particle iden-

tification of secondary .charged particles up to i00 GeV/c for the

_tudy :_f the secondary particles. Another new detector n magnet

=ie _'_ Beam Tracker (BT), hao been de_igned, with which a=_ the

heav}, nuclei (Z < 6) in C_-33 plates from balloon-borne magnetic

emulsion chambers can be traced automatically _ :_ _-w .... C_.an d will
be measured for primary charge _nd _nomentum (up to i TeV/n).

_.ackin software must be developed and tested :-r future =_ights
'with a super-conducting solenoi_ magnet. --
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[[ew _ecnniaues are ':o be invesEi,:azed in the presenz program.

Amona them, the eieczrcn-pair method is promisina to permit a

iirect measurement of the high energy nuclear tracks in emul-

{ions, by _he measuremenzs of the number of electron-pairs

_manazina firom the tracK, it [s theoretically predicted that

_Oout _ pairs wii= be seen _n only 3 cm-±ong track ,of iron

-_ucieus when its energy is higher than i0 TeV/n. We calibrate

this cross section by using the heavy ion accelerators so that

L_s application can become reliable for cosmic ray tracks, in

principle, this method will allow direct energy measurements of

individual nuclear tracks above i TeV/n up to i0,000 TeV/n.

Several new methods with nuclear emulsions for track-image

analysis have been examined in order to measure momentum,

electric charge and Lorentz Factor of high energy primary cosmic
ray nuclei and secondary particles.

The second year tasks were (i) further measurements of

direct electron-pair production with accelerator beams, (2)

Continuing tracing and measurements of high energy cosmic nuclei

_vents in the JACEE-7 and JACEE-8 long-duration balloon flight

emulsion chambers, (3) Automatic morphometry of delta-rays for

cosmic nuclei and 200 GeV/n accelerator beams, and (4) [mprove

the emulsion calorimeter method for faster charge identification

and energy measurements. Instrumentation required are a worksta-

tion (SUN SPARC 2) and software transfer for UNIX.

2 - 2. Proqress Made Durinq the Second Year

Calibration experiments of particle tracking in magnetic

field were performed with 200 GeV/AMU sulphur beams and with 490

GeV muons. About 3.5 meters of muon tracks were so far scanned.

Measured cross sections with heavy [on beam tracks are summarized

and accepted for publication in the Physical Review. Presently,
the all the measured data are consistent to the most accurate

[_i_her-order QED calculations made by P.B. Eby (199!; Phys. Rev.
A43, 2258), and N[kishov and Pichkurov (1982; Soy. j. Nucl.

Phys., 35, 561). This successful calibration of basic cross

section confirms a prospect of using pair counts for determining

_nergetic cosmic ray nuclei above I0 TeV/n up to over 1,000

TeV/n. The method was originally proposed in 1985 by Y.

Takahashi et al (Proc. Workshop on Cosmic Ray and High Energy

Gamma Ray experiments for the space station Era, LSU Press, p.

790), and was proposed for the GOAL proaram (RBE) committee in
r__. 92

Analysis of the composition of high energy cosmic ray nuclei

has been advanced, and the summary of the results was reported in

the 23rd International Cosmic Ray Conference, Calgary. Scanning

and tracing of lower energy events have been made with all blocks

of emulsion chambers (JACEE 7 and 8) to reduce the detection

PI_(_R_N4t PAOE B4L_NK NOT FILMED OF P'OOR Qt_LZI_,



=hreshold energy, =nd 1%0% of subjected events 'were traced with

_0% efficiency. This analysis was made to see the proton

÷Dectrum further _round the deficient energy region (a possible

bend at 50-80 TeV]. By the end of March 1993, the analysis was

:ompieted, which gav an additional statistics _o confirm the

_pec<rai shape _with about !00 more events at the energy region
[$ - _0 TeV).

In these measurements and analysis we developed CCD measure-

:zents of delta-range spectrum _or the charge measurements of the

primary tracks. All the primary charged were measured by us, by

using the CAVIA microscope system of the University of Alabama in

Huntsville. A new and fast energy measuring method in emulsion

calorimeter was also developed, which gives the total photon

energy in the calorimeter by simply measuring the radii of a

fixed electron density for cascade showers. These new techniques

developed by the present research program were reported in the

GOAL Workshop and in the regular sessions in July, 1993, at the

23rd International Cosmic Ray Conference, Calgary.

From April 1993 to February 1994, two further measurements

have been continuing. The primary gamma ray spectrum is being

examined, and a method to eliminate those arizing from the atmos-

pheric interactions is advanced. The latter uses the correlation

of two or more gamma-rays detected in the emulsion chamber. Up

to the enrgy region of i0 TeV, this method can remove gamma-rays
originating from nuclear interactions to 20 km above the detec-

tor. This will practically remove almost all the background

gamma rays from the analyzed datafor the study of galactic gamma

rays. The work will continue in the third year. The much lower

energy proton spectrum is being studied by reducing the detection

thershold energy further down to i00 GeV. This work will also
continue in the third year.

A designing and production of the emulsion chambers (two of

1.2 m **2 detectors) were made for the Antarcti.- bailcon _xperi-_en_ 0 _ _ - -
- <.... /ACEE for the 97-94 expedition. This is the detec-

_>r scale almost equivalent to the planned GOAL experiments.

A new super-conducting magnet (i0 Tesla) was built and com-

pletely tested in the second year, by the help .of National

Laboratory for High Energy Physics (KEK), Japan. The calibration

experiments for the ionization measurements in a strong magnetic

field is re-scheduled for June, 1994. Beam exposures to

calibrate -dE/dx vs. momentum dia,_ram will be made at KEK P_ beam
Ines.

An automatic microscope system has been upgraded by adding a

SUN SPARK 2 _ Workstation. Automatic tracking programs originally

written in FORTRAN for PC were transferred into UNIX. Automatic

tracKing/tracing programs (AUTOTRACK i, 2 and 3] were planted in

the SUN SPARC-2. An _ffort to automates measurements of delta-

ray range spectrum for charge determination of cosmic ray nuclei
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.as initiated by :_sin_ CUE-2 Densitometer program for ,_Cw frame

_mages. Also, the automa1:ic zurvanure measuring software for
CR-39 measurements were coded.

2 - ] O!an _F Work In _he _h[rd :ear _._/_4 - 0/9E)

Measurements will continue on direct-pair production, long-
range delta rays, particle tracking [n magnet field, and cosmic

ray composition. Experiments to calibrate the ionization rate

for particle identification will be carried out by using a i0

Tesia super-conducting magnet around June, 1994. Tasks will in-

clude further upgrading of softwares and the host computer for
the automatic microscope.

2 - 3 - i. Emulsion exposures.

The following experiments are planned:

o

June, 1994: p-bar and pi-minus beams at KEK PS.

September, 1994: Test balloon flight experiment with

a Superconducting Magnet and Beam Tracker.

Winter 1994 - 95: an antarctic balloon flight

(JACEE-!3) with an emulsion chamber incorporated a
pairmeter stack will be made.

Requests of cosmic ray balloon flights of emulsion

chambers for very high energy cosmic ray composition

measurements will be submitted by the NASA/MSFC

collaborators for the JACEE experiments:

_ - 3 - 2. Measurements.

_rain-densi_y coun .... of pions and protons ('00 MeV - i0

,g_V] will be made with _mu!sions in I0 Tesla magnet .a_ the

/!anned beam exposure at KEK VS (Japan). We continue measure-

ments on cross-sections of _ong-range delta-r]ys and ei_ctron-

3airs, :ztilizing previously exposed emulsions. The JACEE emul-

sion chamber analysis will continue further, to increase statis-

tics of nuclei events near the detection threshold energy (I

TeV/n), by using the emulsions from the balloon flight success-

fully performed in 1993-94 in Antactica. Development of hardware

_nd softwares for particle tracking in emulsion chambers will
continue.

O[ _C3R Qtl/_tFm!



- - : - 3. Desiqn =_udie_ s and "peration .-=. An Automatic

Measurement _v3#em_ _ .

The study to operate a work-station <SPARC 2] in tandem the

{utomatic microscope system (CAVIA) will :ontinue in 1994, par-

ticularly, for the purpose of auto-tracking with Beam Tracker

(BT) and e!ectron-pairmeter.

Preparation for super-conductlng magnet [lights [or 1994 - 96

will continue in 1994. A test balloon flight is scheduled for

September, 1994. We are assisting engineering team of NASA/MSFC

(Parnell et al.) for preparations and design study of the ground

support equipment and gondola for balloon flights of super-
conducting solenoid magnet.
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,,_" K. Asakimori et ai., {The JACEE Collaboration),_ m_oc__ . 23rd
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i0. "Flux of Strange Matter on Supersonic Concorde," y.

Takahashi and J.N. Capdevielle, Proc. 23rd International Cosmic
Ray Conf., Calgary, £, 654 (1993).

_'. "Tickling the Knee with JACEE," K. Asakimori et al.,
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i. "Energy Spectra and Composition of Cosmic Rays up to i00
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er_cA, ne-.

_e s_ienti _ staff, "f _- • J C Gregory and.......... kanashi, . . _ .

-3.minaga, have been working with, and supervising the work of, a

......ratify technic:an, 2. _. Dong, and full-time :_raduate stu-

dents, T. Shiina, K. Chevli, and J. Johnson. A part time

7raduate .... dent, M J Chrl-9 _, .-...... as worked in part'_ _• - l__e _racking.
We 3upervlsed another full-time graduate student, M. Tocci, who

started research work [n modification of emulsion calorimeter by

asing scintillation fibers and micro-channel plate. Considering
the increase in student salaries, we have had to sacrifice some

of the senior personnel salaries. We are still severely limited
tn funding for man-power.

[ CAVIA AUTO-TRACK ANALYSIS SYSTEM AT UAH, 1993 ]
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